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ABSTRACT

In the paper the problem of the structure of human abilities is approached
within the framework of higher-order confirmatory factor analysis. '
Non-hierarchical models suggested by Thurstone and Guilford are reviewed, and
it is concluded that these que*s fail to give a theoretically and
practically useful representation of the organization of human abilities.
Hierarchical models proposed by Vernon and Cattell-Horn are compared and it
is conCluded_that the difference between these models may be more apparent
than real. It is also concluded that it may be possible to construct a
unified hierarchical model, which includes ability diméhsions of at least
thrée different levels of generality. This hypothesiZed model is tested in -
two empirical studies, which both yield good support‘for the model.
Implications of the model for testing are discussed and it is concluded that
while the model is compatible with much established testing practice, it goes
beyond this by allowing hierarchically differentiated assessments. It is also
demonstrated how the model may be used in research on aptitude-treatment
{nteractions, by simultaneous analysis of factors at different levels of
generality in structural equation models. v '




1 INTRODUCTION

Research on the structure of abilities aims to study which dimensions of
intelligence may be identified, and how these are related to one another.
Such research has‘been conducted, most often by means of factor analysis,
. since the beginning of the twentieth century, with major contributions by,
among others, Spearman (1904b), Thurstone (1938), Vernon (1950), Guilford
(1967), Horn (1968), and Cattell (1971).

Developnent within the field has not been smooth and'gradual, however.
Ratﬁer, it has been characterized by rather intense struggles between
different schools of thought, and periods of intensive research have been
1nterspersed with periods of lighter activity. Nor does it seem that there
now exists a commonly accepted answer to the question how human abilities are
organized.

;iérnberg (1981b) argued that the psychometric line of research on
intelligence has failed because exploratory factor analysis has been so
successful in supporting many alternative models of intelligence. Whatever 1is
the .reason; however, there is little doubt that the lack of a more commonly .
accepted model of the structure of abilities has hampered development of both
theory, applications, and other lines of research, such as research on ‘
aptitude-treatment interactions (Cronbach & Snow, 1977).

Duriing the last-decade or so the focus in research on intelligence has
changed’frgm questions about structure, to questions about the processes and
components of intelligence (e.g. Curtis & Glaser, 1981; Sternberg, 1977).

1s, of course, much too early to evaluate the results of these newer
approaches to the understanding of intelligence. It would seem, however, that
the lack of a commonly accepted model of \the structure of abilities may
hamper’ this research as well. Thus, one dbvious consequence of the lack of a
_common frame of reference for the classification of abilities 1is that
different researchers employ quite different labels and interpretations for
quite similar ‘sources of individual differences. This will make it difficult,
1f not impossible, to integrate the results achieved.

There seem, thus, to be several reasons to make a renewed attack on the
problen’ of the structure of human‘abilities. The present paper makes such an
attempt, using techniques of confirmatory, rather than exploratory, factor
analysis to study the organization of cognitive abilities. The layout of the
paper is such that some of the dominating models of the structure of
abilities are first reviwed, then two empirical studies are presented along
with a proposed new model (the HILI-model), and finally some implications of
the model are discussed with a focus on testing and ATI-research.




2 PREVIOUS MODELS

In late nineteenth century'several attempts were made to measure intelligence
through psychophysical assessments (e.g. Galton, 1883). These attempts were
not successful, however, (e.g. Wissler, 1901), and it was not until Binet and
Simon at the turn of the century chose to ¢oncentrate upon more complex tasks
that individual differences in intelligence could be satisfactorily 'scaled.

The Binet and Simon test consisted of- a wide assortment of tasks, chosen on
the basis of their ability to discriminate between different age groups. No
theory indicated, however, why the items had such capacity. But because of
the practical utility of the tast it goE followers and it established a
tradition of measuring intelligene with heterogenoué collections of tasks.

Ever since Binet and Simon found a way of measuring intelligence attempts
have been made to define the concept. Unanimosity has not been reached (e.g.
Resnick, 1976), however, and it is still under debate whether it is at all
meaningful to identify a concept such as general intelligence. Binet himself,
for example, did not conceive of intelligence as a separate capacity but ’
viewed it as comprised of several more or less clearly identifiable -
capacities, such as judgement, common sense, initiative and ability to adapt.
The ability meashrgd by the test would thus be some kind of average of the

different capacities 1involved.

This problem of the dimensionality of intelligence has been in focus in the
factor-anélytically based differential psychological research, which took off
at about the time when Binet and Simon published their test. As has  already
been mentioned it has not been possible to derive one single, generally
agreed upon, model of the structure of abilities. Instead different schools
have been formed, each associated with a particular technique of exploratory
factor analysis, from which has followed more or less directly a certain
model. Some of these models are an of historic interest only, but several
have survived into our days. It may;Vtherefore, be worthwhile to describe in -
some detail the most influential models.




2.1 The Spearman theory of Two Factors

Binet attempted to measure "general intelligence” even though his theory of
jntelligence did not include such a concept. Spearman (1904b, 1927), among
others, noted this lack of compatibility between theory and observational
technique and argued that if the general ability measured by the test is an
avérage or sample of different ébllities, 1its nature is determined by what
items happen to be included in the test: "No genuine averaging, or sampling
.of anybody“s abilities is made, can be made, or even has really been
attempted " (Spearman, 1927, p. 71, emphasis in original).

Spearman (1904a) developed, however, a technique to show whether one common
factor 1s sufficient to account for the’intercorreldtions among a set of
tasks. Applying this technique to several different sets of variables,
comprising among other things psychophysical assessments, ratings of
intelligence, school marks, and psychological tests, he was able to conclude
(Spearman, 1904b, 1927) that in most cases one undérlyihg factor accounted
for the intercorrelations. On the basis of these results he proposed the Two
Factor theory of intelligence, which states that performance on an
intellectual task is affected by two factors only: one general (g) and
one specific Qg). Theig factor enters more or less prominently into
any intellectual activity, and .the individual“s standing on this factor is
the same irrespective of the task. The 8 factor is of little importance
when the g factor is of great importance and vice versa. However, for

- each type of intellectual activity a different 8 factor is assumed, so

" the individual”s standing on this factcr varies with the task. -

On the basis of this model Spearman concluded, -among other things, that the
8 factor may indeed be measured with a heterogeneous collection of tasks.
This is due to the fact that each task contributes information on the 2
factor, while the s-factors cancel (“the principle of indifference of the
indicator”). In empirical studies he found, however, the involvement of £
to be largest in tasks demanding "eduction of relations and correlates , as
in tests of analogical reasoning, or in tests with series items.

As has already been menttoqed Cpearman was able to secure empirical support

~ for his Two Factor theory. The fit of data to the model was far from perfect,
however. In particular it was found that when variables which were "too
similar” were analyzed together, the model broke down because of correlations
between 8 factors. Spearman (1927) recommended that the model itself should
decide when two tests are "too similar”, but this left the theory open to the
same kind of criticism of arbitrariness as Spearman had leveled agéinst
Binet, and the Two Factor theory was soon thoroughly refuted (e.g. Kelley,
1928).




2.2 Multiple Factor models
. T

\ -

Spearman (1904a) invented the first factor analytic model. The limitations
inherent in the fact that the technique only handles one factor became
obvious, however, and more refined techniques capable of representing
systematic’ ‘variance of much ‘greater complexity were developed.

. The major contributor was Thurstone (1931; 1938; 1947), who developed factor
analysis to encompass multiple common factors. Applying the new technique to
large test batteries (e.g Thurstone, 1938), about a dozen factors could be
identified. By performing rotations according to the principle of simple
structure, which essentially states that any test should be affected by one
or a few factors only, it was found that each factor accounted for
performance on a subset only of the tests in the battery. There was no sign
of a general factor.

Most factors identified by Thurstone (1938) were repiicated by Thurstone and
his colleagues (e.g Thurstone, 1940; Thurstone & Thurstone, 1941), and it was
~possible to set up a list of six or seven easily replicable Primary Mental
Abilities (PMA“s), such ‘as Verbal Comprehension (V), Word Fluency (W),
‘Induction (I), Space (S), and Perceptual Speed (P). J

/

: ) /
In the first set of analyses the PMA”“s were kept orthogonal. But when test

batteries were assembled to measure the factors, it was found that the tests
were intercorrelated, which led Thurstone to adopt instead-an oblique factor

model.

The techniques of factor extraction and rotation invented by Thurstone have
by now been considerably refined (Harman, 1967). The basic principles remain
the same, howevér, and the Thurstonian Multiple Factor analysis. has evolved
into the dominating factor analytic technqiue. o

The basic PMA model, with a handful of factors, has been elaborated upon too.
By investigation of new domains of ability, and by showing that several of
the original PMA”“s are differentiable into more narrow factors, the list of
factors has been extended congiderably. Reviews of the research (e.g. French,
1951; French, Ekstrom & Price, 1963; Horn, '1977; Pawlik, 1966) indicate that
it may be necessary to distinguish between as many as 30 to 50 factors of
ability. While some of these factors are broad and compfehensive, others are
very narrow and circumscribed, and must be considered the result of a
subdivision of a broader factor. However, all factors are primary in the
sense that they represent results from applications of Multiple Factor
analysis to matrices of intercorrelations between tests.

/




/- .
The'prdltferation of factors has been carried even further in the Guilford
"Structure-of-Intellect” (SI) model (e.g. Guilford, 1967).-This model
describes tests and factors in terms of the three facets opefation, content
"and\product. Combination of.the'facets yields qo:iess than 120 possible
factors, and in the latest version of the modeIAGuilford and Hoepfner (1971)
claim identification of at least ode factor (and sometimes more) in each of
98 of the cells in the model. ) ‘
, : . . .
In spite'of the fact that the SI-model is a morphological model structured
along three dimensions, it is assumed that the factors are uncorrelated. This
in turn 1mp11es an-assumption that factors having one.or two facets in common
are no more related than are factors which have no facets in common.

Multiple Factor analysis was introduced because of an obvious need to
differentiate between more factors than was allowed by'thg Spearman
_ technique. However, by now so many factors have been identified that the

results appear almost incomprehensible and of 11mi;éd practical utility (e.g.

Humphreys, 1962; McNemar, 1964). Undheim (198lc) even went so far as to argue
_ that: | ‘ '
The widespread application -of multiple factor anglysis in research
on abilities seems to have carried factor analysis far beyond 1its
descriptive and conceptual limitationg as a research tool,
resulting in an ever-increasing number of factors of "the mind”. It
is somewhat paradoxical that whereas the multiple-factor model
developed by Guilford ... tried explicitly to save ability research
from this empirical chaos, it, in fact, may have contributed to
further "empiricism” in focusing on filling the empty cells in the
box model of 120 factors: (Undheim, 198lc, p. 22)

We will return to the problem of proliferation of factors later on. Before
that, however, there is reason to describe another approach to understanding
the structure of abilities.

2.3 Hierarchical models : N

(

In the British recearch on abilities Multiple Factor analysis has had less
impact, and the g factor has not vanished altogether. In the

post-Spearman work 1t was soon to be discovered, however, that in addition to

g there are also group-factors of great !mportance. Factor anglytic
techniques were developed, which from a matrix of correlations extract first
.the g factor, and then group-factors of successively smaller breadth.

v
°
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These hierarchical group—factor techniques (e.g Burt 1941; Harman, 1967) thus

have the advantage of being able to supply information both about a general
factor and about group-factors.

One hierarchical model, summarizing the results of very many analyses, was
proposed by Burt (1949). This model seems, however, to have been too much of
a logically constructed classification scheme to earn any great impact.
Instead a rather similar model;" presented only” slightly later by Vernon -
(1950 1965) has received/m/re widespread attention.

At the top of the Vernon model (sece Flgure 1) there is the 8 factor, and

at the next level below there are two major group-factors: verbal-educational
(v:ed) and spatial—practical—mechanical (k:m) ability. The v:ied factor
subdivides into different scholastic factors, such as. number factors and
linguistic abilities. The k:m factor subdivides too and this complex includes
minor group-factors such as perceptual, spatial and mechanical factors. Each
of these minor factots can then be- subdivided by more detailed testing.

!

Another hierarchical model has been proposed by Cattell and Horn. The basic

" concepts of this model were developed by Cattell (e.g. 1940), but the model *

was neither elaborated upon, nor put to empirical tests until consﬁderably
later (e.g. Cattell, 1963; ‘Horn, 1965, 1963* Horn & Cattell, 1966)‘
Methodologically the Cattell—Horn model 1L based upon oblique Multﬂple Factor
analysis\of several orders. Thus, in the ftrst step an ordinary oblique
Multiple Factor analysis is conducted, typically yielding a large set of
primary or first—-order factors. The correlations between the primary factors
are then subjected to another factor-analysis which yields secondary or
second—order factors. In principle this procedure of factoring may be
continued at successively higher orders. Cattell and Horn have, however,
chosen to stop the factoring at the second-order level.

In the Horn and Cattell (1966) formulation the model includes 5 second-order
or "general” factors. The two most important ones are fluid intelligence (Gf)
and crystallized intelligence (Gec). Both are viewed as aspects of general
intelligence and are said to involve abstraction, co cept formation, and
perception and eduction of relations. Gf, however, is\involved in tasks which
are new to the examinee, while Gc is shown in tasks with verbal-conceptual -
contént. Gf 1s thought to represent influences of biological factors and




{ncidental leétning on intellectual development, whilé Gc is interpreted as
-reflecting'eduéattOn and expertencé. Primary factors such Induction (I) and
Cognition of Figural Relations (CFR) involve Gf, while Gc has been found to
be involved in primaries such as Verbal Comprehénéion (V) and Cognition of
Semantic Relations (CMR). C / o
The other three second-order factors in thé'Cattgll-Horé model are General
visualization (Gv), General fluency (F or Gr), and General speediness (Gs).
Gv is involved in almost all tasks with figural conteﬂzhhnahruns strongly
through primaries such as Visualization (Vz), Flexibility of Closure (Cf),
Speed of Closure (Cs) and &patial Orientation (S). Gr'refleéts the
flexibility with which labels for cultural concepts are recalled and
recognized, and is involved in, among others, the primary factors
Associa;iohal fluency (Fa), Word Fluency (Fw), and Ideational Fluency (Fi).
Gs 1s defined as quickness of perforﬁance, and shows up most clearly in
primary factors effned by very simple tasks, such as Pe}ceptuaI«Speed ®)
and Numerical Faéi}ity (N). '

The model hég beew subjected‘;o'empirical tes;s.in‘large scale factor
analytic stud&es by among othe{sACattell (1963), Horn (1972), Horn and ‘
Cattell (1966) and Undheim (1976, 1978,198la). These studies have in general
confirmed the hypothesized structure.: )
It should also be pointed out that the basic model as déscribed above has
been elaborated upon by Cattell (1971) and Horn '(in péess). It would seem,
~ however, that the model in the 1966 formulation so far has had greatest

" impact and has the best empirical support. '

- |
2.4 Discussion

Among the models diéﬁussed above, those based upon Multiple Factor analysis
have domina;éd differén;ialfpsychology during the last three or foﬁg decades.
One reason for this is that they do show a good fit to empirical data;
another reason may be the ready availability of computer §¥ograms to perform

Multiple Factor analysis. ‘

As has already been pointed out these models give, however, a rather
fragmented picture of the structure of human abilities (e.g. Humphreys, 1962;
Undheim, 198lc), and the practical utility*of distinguishing a very large
number of ability factors has been questioned (e.g. McNemar, 1964; Cronbach &
Snow, 1977, pp. 152-164). : . ‘




l981c), in particular, has gone far towards a
intelligence

"restoration of general

on the basis of a reinterpretation of Gf in terms of g.

Even though Undheim has not yet presented afiy conclusive empirical proof that
“this is the case, his line of reasoning provides additional support for the
hypothesis. :

The factor analytic techniques employed in previous research tend to be
biassed in favor of one of the models. These techniques also are fraught with
the problém that they are exploratory only, and do not give provisions for
statistirally sound tests of the number of ‘common factors, or of the
significance ff factor loadings. ‘Recently, however, factor analytic methods
have been developed which do allow the testing of hypotheses, and which are
flexible: enough to allow an almost infinite range of different models to be
specified. g

Joreskog (1969) presented a method for estimating and testing confirmatory
factor models, using maximum likelihood mecthods. In such models the number of
factors, and the pattern of loadings 1is specified in advance, on the basis of '
whatever previous knowledge is available about the variables being measured.
Estimates of parameters in confirmatory models are unique, 80 the problem of
rotation 1is avoided a1together. Statistical tests also are available with
‘which the fit of the data to the model may be determined. i

Joreskog (1970) generalized the simple confirmatory factor: analytic model to
allow formulation of higher-order models, and in still further developments a
model has been arrived at which, loosely stated, combines the factor analytic .
methods with path=-analytic techniques (linear structural relations, LISREL;
Joreskog, 1973; Joreskog & Sorbom, 1978, 1981). This latter model is a
completely general model which contains all the earlier models as special
cases. , 1 '
It would thus seem that major progress has been made in estimating and
testing hierarchical models. This technolopgy has been put to use in a series
of studies, the results of which are summarized below.

- e e
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~ The prdblems associated with' the multitude of factofq are severed by the fact
that MuI;iple'Fqc;or\egalysis, in a technical sense at least, considers all
'factors'ég being of:eqdaLhimportance. In the hierarchical models, in :
contrast, ‘the 1ower-order'E§Eto:atgre subsumed under higher-order factors,
which makes these models par'simonic;ﬁaJ while they at the same time provide

the richness of description of the Multiple Factor models. Thus, in the
Cattell-Horn model the Thurstonian primaries, along with several of ‘the
factors in the SI-model, gfe found at the first-order level. This model,
therefore, is compatible with the Hultiple Factor models, but it obviously .
goes much beyond these models. ' '

1t does appear that during the last few yeérs the hierarchical type of model
\v has gained increasing attention (e.g. Cronbach & Snow, 1977; Snow, 1977,
' '1980). Given the advantages of this type of model it may be asked, however,
why the influence has not been even greater. The most lmportant reason for
. this 1is most.likely-that/they are technically quite complicated to deal with..
Another reason, however, ma& be that there are several competing models,
which seem so different that if one of\them 1s correct, the others must
necessarily be refuted.
‘ /

. The most important hierarchical models are the Cattell-Horn and Vernon
models, and Cattell (1963) and Horn (1968), in particular, have claimed the
éuperiority of their model. They argue that Vernon's vied should correspond
to Gc, and that k:m correspohds to a mixture of Gf and Gv. In their view,

> then, a major difference between the models is that where Vernon
distinguishes'two factors, thgx d%étinguish th;ee. A similar point was made

. by Humphreys (1967), who argued that the answer to the question whether Gt

- and Gv are distinct factors determines whether the Cattell-Horn or the Vernon

model should be accepted. \ !
" !

However, another set of relationships between the models.may also be
.hypothesized. The kind of tests identified to measure Gf comes very close to
" the kind of tests that Vernon lists as measures of g in his model. It

may, therefore, be argued that Gf in the Cattell~Horn model is more or less

the same factor as the g factor in the Vernon model (cf. Vernon, 1969, p.

' fZS). 1f this is true, it also would seem natural to‘equate Gv with k:m, and
Ge with vied. This implies that if a third level, representing the g '
factor, is added to the Cattell-Horn model, the most essential point of
difference between the two major hierarchical models would be resolved. Such
a combined hierarchical model would also be #ompatible with most of the
non-hierarch;cafkaodels described above. Itwis, of course, an empirical
question whether the second-order factor labeled Gf by Cattell and Horn is
indeed Ebg same factor as the one called g by Spearman and Vernon, and it
is also aqfempf?ical question whether the other parts of this hypothesized
model fit empirical data. It may be noted, however, that Undheinm (1981b,

1
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3 HIERARCHICAL, LISREL-BASED,ﬁMObELS
T .

N

It has been concluded that the difference between the Cattell-Horn and Vernon
models may be smaller than is evident at first sight, and it has also been
suggested that it may be possible to comstruct another model, as a synthesis
of these two models. For prgptieél reasons it is quite impossible to test
this model in one single empirfbal study. Several studies have, therefore,
been performed, each of which tests partly different aspects of the model.
Below the results of two such studies are briefly presented (for a fuller
account, see Gustafsson, Lindstrom & &jorck—ﬂkesson, 1981).

3.1 Study I: Reanalysis of Undheim (1978)
\

Undheim (1978) administered a test battery of 30 tests to a sample of 149 6th
grade children, with the purpose of testing the Cattell-Horn model. Above all
interest was centered on the question whether Gc and Gf are differentiable 1in
a sample of 12-13 year old children. ' -

The tests in the Undheim battery were hypothesized to measure some 12
different primary factors. However, some of thé factors were represented by.
one test only, so an exploratory factor analysis could not aspire to identify
, all the primaries. Using principal factor analysis 5 factors were extracted,
A and rotated to simple structure with a variety of oblique and orthogonal
methods of rotation. The rotated factors could be interpreted to represent
Gf, Gc, Gv Cs and Gr. Even though the factors were 1dentif1ed at the
first-order level these results may be taken to provide good support for the
Cattell-Horn model. , ) .

Through the courtesy of Dr. Undheim, tne matrix of intercorrelations among
the tests has been made available, and a reanalysis has been performed 1in
which a series |of higher—order LISREL models have been fitted.

The final model is shown in Figure 2. As may be seen in the Figure the ‘model
fncludes 9 first-order factors, almost all of which correspond to primary
factors originally hypothesized by Undheim. It proved impossible, however, to
make distinctions between the Induction (I) factor and a Figural Relations
factor hypothesized by Undheim. Nor was it possible to differentiate betwegn
three different hypothesiied primary factors in the Gv-domain, 50 Gv 1s I
identified as an undifferentiated primary factor. '
There are three second-order factors in the model: Gf, defined by the
Reasoning (R) and 1 factors, Gs, defined by Perceptual Speed (P) and Number




 Insert Figure 2 about here

v Facility (N); and Gr, defined primarilf by Word Fluency (Fw) and Ideational
Fluency (Fi). .o

Since there is one primary factor only in the Gc domain, it was 1mpossib1e to
define this factor at the second—orderflevel. The first-order V-factor was,
therefore, taken to represent the Ge=factor, and this factor, along with Gf,
Gr, Gs and the first-order Gv, defines the third—order g factor. Most
interestingly, the standardized loading of Gf in g was found to be 1.0,

which re8u1t does support the hypothesis of an 1dent1ty between Gf and G.

lﬁwweftheemodel presented in Figure 2 has a very ‘good fit (chi—square=370 9,

rair e 2 JR——

v f=329, p <.06), which indicates that it cannot be rejected as a proper
P representation of the data.

It may be noted that at the first- and second~order levels these results
bring very strong support to the Cattell-Horn formulation, except that Gv was
found to be an undifferentiated primary factor and not a second-order factor.
A very large number of studies héVe,>howeVer, shown the Gv domain to contain
several clearly identifiable primary factors (e.g. Lohman, 1979). It is
\ T likely, therefore, that the results of the present study are due to the fact
\ that the Undheim sample consisted of a majority of young females, for which
L the differentiation of Gv has been found to be lesser (e.g. Smith, 1964).

3.2 Study II: Analysis of a test-battery for Gf, Gc and Gv

) ) The second study to be summarized here was _conducted by Gustafsson et al. |
(1981). Subjects in that study were some 1200 pupils in the 6th grade who

“were given a test battery consisting of 13 tests of cognitive ability and 3f'
standardized achievement tests. Of the total sample, 981 subjects had H\§]
complete data. on all':he variables. o : /K
The tests in the battery.were hypothesized to represent the following prjfary
factors:

- Induction (1), measured by the tests Number Series (NS) and Letter
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Grouping (LG). These tests were newly.developed for the study, but were
modelled upon tésts previously constructed.by Svensson (1971) and Hirnqvist
(1968). ’

- Cognition of Figural Relations (CFR), measured by the Raven Progressive
Matrices Test. For the analysis the test was split into two half-tests, by
assigning odd numbered items to one test, and even numbered items to the
other (RA-0 and RA-E). )

, .~
- Memory span (Ms), measured by the Auditory Letter Span and Number Span

tests from the ETS battery (French et al.; 1963).

- Vigualization (Vz), measured by the test Metal Folding (MF),
constructed by Svensson (1971). For the analysis the MF test was split into
half-tests, according to the odd/even rule to give the sub-tests MF-0 and
MF-E. '

- Spatial Orientation (S), measured by the two parts of the Card

Rotations (CR) test “{n the ETS battery (French, et al., 1963)

-

- Flexibility of Closure (Cf), measured by the Group Embedded Figures

Test (GEFT, Witkin, Olt:.n, Raskin & Karp, 1971), and the Hidden Patterns
(HP) and Copying (CO) tests from the ETS kit.

- Speed of Closure (Cs), measured by the tests Disguised Pictures (DP)
and Disguised Words (DW). These tests were newly developed for the present
study, but they were modelled upon already existing. tests, such as Street
and Mutilated Words (e.g. Thurstone, 1944).

- Verbal Comprehension (V), measured by the vocabulary test Opposites

(Svensson, 1971). In the analysis of data the items in the test were split
into two half-tests according to the odd/even rule (OP-O and OP-E).

- Scholastic Achievement (Ach), measured by Standardized Achievement test
in Swedish (SA), English (EA), and Mathematics (MA).

A detailed description. of each of the tests would carry too far in this
context (see instead Gustafsson et al., 1981). They do all, however, come
close to the tests of primary abilities developed by Thurstone and Followers.

- The hypothesized primary factors were in turn hypothesized to represent the

three second-order factors Gf, Gc and Gv according to the following pattern:
Gf was thought to be loaded by I, CFR, and to some extent/By Ms; Gv was '
hypothesized to be loaded by Vz, S, Cf and Cs; and Gc was.thought to be
loaded by V and Ach.

12




These hypotheses were tested in a sequence of LISREL—models, in which
successively the hypothesized first—- and second— order patterns were fitted.
The final model is shown in Figure 3.

'_Insert‘Figure'3 about here

\

This model fitted the data quite well (chi—squ’re=184 .5, df=144, p <.013,
N=981), but to achieve this level of fit some modifications of the originally
hypothesized model had to be introduced. Most of these modifications were
minor ones, involving specification of covariances between the’ specific parts

- of tests andifhctors- Some of the modifications deserve mentioning, however.

" Thus, Cs was found to be more related to the Gf-factor than to Gv. This
result should however, not be taken as proof that this primarf factor has
been misclassified in previous research since the Cs~ faccorﬁtnﬂthe—present—fw~~w~~~—-——
study, as 1s often the case, was only weakly identified. Furthermore, in the
Ge-domain it was\found that the hypothesized Ach-factor split into two
(Verbal Achievement' and Numeric Achievement), in spite of the dearth of tests
to identify achievement factors in the present study.

So far the results are very much in accord with the Cattell-Horn model. In

the next step of the analysis, however, a third level was introduced. Since
there only are three second-order factors, a model with a third-order g
factor is "just-identified”, i.e. it has the same degrees of freedom and
chi-square value as the second-order model. Restrictions may be imposed,
however, to 'make the third-order model a testable one. Estimating the model
under the constraint that g 1s identical with Gf did not worsen the fit
significantly (chi-square=3.2, df=1). However, imposing the corresponding
constraints with respect to Gv and Gec very significantly worsened the fit of
the model (chi-square=98.2, df=1 and chi-square=126.6, df=l, respectively).
These results thus- strongly support the hypothesis that the second-order
factors in the Cattell-Horn model are not really of the same order, but that
Gf should be moved one step up in the hierarchical model. B
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3.3 Discussion =

In Figure 4 the main results from the two empirical studies have been put
together into a hierarchical model. This model will be referred to as the
HILI-model, where the acronym stands for hierarchical, LISREL-based model.

/s

] .
r :
Insert Figure 4 about here

\

—me—— b i —

°

The model has three levels, with.a g factor at the top, the second-order
factors of the Cattell-Horn model at the second level, and Thurstonian and
Guilfordian primaries at the lJuest level. - _ n

\

3.3.1 Interpretations of the factors

Both empirical studies shéwed'clearly the g factor to be identical with

Gf, which factor in turn has been found (e.g. Gustafsson et al. 1981) to be
very highly loaded by the I- factor. Both Spearman (1927) and Vernon (1950)
list the I-type of tests as the ‘best measures of g, so there is little

doubt that the g factor of the HILI—model 1s identical with the g

factors of the Spearman and Vexnon models. It is also interesting to note
that when Thurstone and Thurstone (1941) performed a second-order analysis’ of
the PMA” s, they found one second-order factor (g), which turned out to be
most highly loaded by the I-factor. ‘

4"

L vid

The g factor has been remarkably absent from theoretical discussions

"since the ploneering work of Spearman. At best it might be said that

attention has now and then been called to the fact that ‘the factor exists )
(e.g. McNemar, 1964; Humphreys, 1962). During the las! few years, however, it

‘appears that interest in the general factor has been revitalized, as may be

seen in the writings of for>example Humphreys (1979), S$now (1977, 1978,
1980),‘Sternberg'(1980, 19813) and Undheim (1981c).

~

As has alreadv been mentioned, Undheim (198la, 1981c) has proposed ideas
almost identical with those espoused here, and from a series of studies 1t
was concluded:

. . ) ‘ \
Although Cattell”s hypothesis of two intelligence factors, fluid
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This conclusion thus conforms with the conclusion drawn here.

s o

and crystallized ‘intelligence, is seemingly supported by the
. simple-structure factor analytic distinctions of two such factors
in several studies, hierarchical order analysis indicate that these
findings may support an alternative hierarchical model of
, 1intelligence where fluid tasks are central in the definition of
general intelligence and group factors of crystallized ability or
verbal-educational knowledge, visualization, and'speediness emerge.
Thus the results are consistent with a more parsimonious
neo-Spearman structuring of broad ability factors (Undheim, 198la,
pp 184-185).

In his interpretation of general intelligence Undheim (1981c) stressed that
g 1s a consequence of learning, and that ‘the nature of intelligence is
determined by cultural values: “general intelligence is good reasoning

with the contents of our culture” (Undheim, 198lc, p. 256). This line of - -
reasoning led Undheim to suggest a very broad definition of general

Intelligénce, namelY”Eﬁat"Tt"reﬁresé"fs”the—enttre*reﬁértorré“ﬁf“kﬁﬁﬁl“dge,
skills and strategies. Undheim also concluded that:
a measure of general intelligence should sample achievements in
many subject matters —— some of which are tied to the academic
curricula that subjects are exposed to, others tied to intellectual
achievements acquired out of school (Undheim, 198lc, p. 257).

One problem with this "sampling” interpretation of g is that it

disregards the fact that Gf has been shown to be identical with g.

Formulated in simple terms this result implies that scores obtained on a test
consisting of..the broadest pqssible and most representative sample of tasks
are virtually perfectly correlated with scores obtained on a small set of Gf
tasks. The most interesting question must then be why the Gf-tests have such
power og‘indexing general intelligence. ' '

In specuiations on the nature of g_many authors have stressed that one
importanb\characteristic of tasks to measure.g or Gf is that they present

the examinee with new problems (e.g. Spearman, 1927, pp. 161-198; Horn, 1968;
Cattell, 1971). Sternberg (198la) has presented some empirical evidence that
intelligente can best be understood through what he calls "nonentrenclied”
(1.e. novel) kinds of tasks. g

: ' . T o ‘ |
Snou'(1980) as.gone one step further and has outlined a process theory of
'ntelligence, in which theory too the novelty of tasks Is seen as essentlal.

Snow suggests ‘that tests of general ability in particular may pose demands
for new assembly of performance processes: :




Perhaps they represent to a greater degree the kinds of assembly'
and control processes needed to organize on a short term basis
adaptive strategies for solving novel problems. The more complex
and varied the sequence of\novel problems, the more adaptive the
processing needs to be. The Raven: Progressive Matrices Test. is
perhaps the: archetypical example of such a test (Snow 1980, pp.
35-36).

According to this interpretation the most essential features of g tests

are- that they present novel and complex tasks. The novelty forces the
examinee to find new ways of solving the tasks, and the complexity ensures
that this is not simple: the  examinee must. always be prepared to find new
modes of attack,*and with greater complekity Eollo&s that the number of steps
and intermediary results to keep track of rapidly increases.

Snow’s interpretation of g is admittedly abstract and vague but at the

———“““*“'present“sthe~of—knowledge*tt—does~seem-qutte*impossiblertowcarry o

interpretations any further. What is,important however, is that an
interpretation is couched in such terms that it may be developed into more
specific formulations, and from this point of view the Snow approach does
seem profitable: it relates directly to flourishing research on information
processing, computer simulation,'and artificial intelligence.

Among the second-order factors in the HILI-model Gc and Gv. appear to be the
most important ones. In discussing these factors it ‘must be stressed that the
factors labeled Gc and Gv in the HILI-model are not directly comparable with -
the faztors with the same labels in the Cattell-Horn model. This 1s because
in the HILI-model there Ls no variance from the g factor at the o
second-order level, while in the Cattell-Horn model the g_variance is ’
‘included in Ge and Gf. In order to separate these two ways of representing
general intelligence, the residual factors, after g has been added, will

be referred to as Gec” and Gv~. e

It does appear most likely that Ge¢” is more or less identical with the v:ed
factor of the Vernon model, even though there is as yet no empirical proof of
this. Both factors, however, reoresent the verbal content area, with a strong .
leaning towards knowledge acquired through formal education, and both Vernon
and Cattell-Horn mention tests of VOcabulary as the best measure of the
factor:

These factors also seem to be identical with a factor termed VEK

. (Verbal-Educational Knowledge) by Undheim (1981c) Undheim (1981b) argued
that this factor may represent a rather narrow achievement factor:

16
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it may be related to opportunity, interest, and effort j //
verbal-educational achievement in school -- reflecting engaged time
in school learning, in reading books more generally, reading
newspapers and magazines, watching "educational” programs on TV,

§ etc (Undheim, 1981b, p. 186) *

) Thus, Undheim sees Gc” as being the accumulated result of choice of verbally
oriented activities. Such a theoretical position comes close to the -
- “transfer” theq;y proposed by Ferguson (1954), and is supported for example
by findings that choice of educational and occupational tracks does affect
the relative strength of verbal and spatial abilities (Balke-Aurell 1981).

Snow (1980) also has proposed that Gec is the result of prior learning and
argued that. it.
represents the long term accumulation of krowledge and skills,
organized into functional cognitive systems by prior learning, that
are in some sense crystallized as units for use in future learning.

Since these are products of past education, and since education is e e
in large part accumulative, transfer relations between past and
future learning are assured. The transfer need not be primarily of ) -
specific knowledge but rather of-organized academic learning
skills. Thus Ge may'represent prior assemblies of performance
processes retrieved as a systenm and'applied anew in instructional
situations not unlike those experienced in the past... (Snow, 1980,
“oope 37) L

A similar line of reasoning could be'constructed to account for Gv.

' In addition, however, to interpretations of Gec” and Gv~ in terms of prior
learning it may be that that these factors reflect differential processing
requirements of verbal and figural information. Thus, in the research on
brain laterality (e.g. Bock, 1973; Harris, 1975; Nebes, 1974) it has been |
established that there are two broad modes of processing, one associated with
the left hemisphere and- verbal information, and the other with the right
hemisphere and “figural information. The first mode of processing is described

'\ as analytic, linear, binary, serial or succesive, while the other mode 1s
described- as global, parallel, holistic, synchronous, simultaneous or
continous. It could thus be that Gc” and Gv~ express the facility with which
these types of processing, respectively, are performed.

It thus seems that two different explanations of individual differences in
Gc” and Gv” may be proposed: one that takes its starting point”in differences
in long term memory as a consequence of prior learning, and one that

Lo concentrates on the different processing characteristics of verbal and
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“or ‘larger set of natrow Primaty factors, and there-is considerable overlap— —— - ———

3.3.2 Relationships with other models

"however, the HI!I-model goes beyond the previous models by taking into

~ figural information. These'interpretations are of course not mutually
exclusive and they may both be true. There may also be quite intricate
relationships between the two mechanisms. Thus, small initial differences in
.. proficiency in a certain type of processing may. affect interests and

preferences, such that large differences in acquired knowledge result. It is
also conceivable that availability of a large knowledgeé base enhances and
expediates the type of processes which operate on that knowledge base.

In the Catteli~-Horn and HILI models the factors Gs and Gr.are placed at the
same level as Gec and Gv. In Vernon“s model, in contrast, factors
corresponding with these are placed at_lower_levels in the hierarchy. Thus,
the kind of~fluency~factors being involved in Gr are by Verion regarded as
minor group factor bilow Ge. In comparison with Gv and Gc, however, these
factors appear to be of lesser importance, and further empirical research may
settle this minor difference between the‘hierarchical models.

. o N

v

There is little reason to discuss the wealth of primary factors at the lowest
level in the HILI model. All the models considered here do include a smaller

among the lists of factors; even though different labels may be employed
(e.g8. Goilford 1972). In the HILI?hodel the primary factors represent the
variance which is left after the variance from the higher-order factors has
been partialed out. For many factors this is only a small fraction of the
total variance, which residual in many cases may be of limited psychological
interest.

The results which have been presented so far show that the HILI—nodel is .
compatible with each of the other models considered here. At the same time, ‘

account individual difference variance at several levels’ of generality. The
previous models may, therefore, be viewed as special cases of the HILI-model.
It is also interesting to compare the HILI-model with another representation
of the organization of abilities, presented by Snow (1980, see also Snow,
Lohman, Marshalek, Yalow & Webb, 1977). In this approach the techniques of
multidimensional scaling and hierarchical tluster analysis are used instead
of factor analysis. Application of ' these methods to correlation matrices for
large numbers of tests typically xield a scatter, where each tests is
represented as a point in two-dimensional space. At the very center of the
scatter appear tests of Gf, while tests of Gv and Gc appear as clostars not
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far from the center. In the more peripheral regions of the two—dﬂpensional

chart thHere appear clusters of tests which may be identified with\primary

factors. . \
Marshalek (1977) 1nterptéted the'degree of 'centrality of a test as reflecting
the complexity“of the processing invelvgd, or the involvement of g. ,
Marshalek also pointed out that this model of intelligence is compatible with~-
hierarchical médels, such as Vernon”s model: The degree of centrality
represents the level in the hierarchy, and the clustering of tests represents

- factors at different-levels. It would thus seem that this model based upon'

| multidimensional scaling 1is compatible, with the HILI-model.

Sternberg (1980) recently presented a model of intelligence, in relation to
hich claims of generality have been made too. It 1s 1p;erest1ng,'therefore,
to compare the Sternberg model with the HILI model.

The "componential theory of intelligence” prprSed by Sternberg is based on
the concept of component, which is defined as "... an elementary information
*“proceSSWthat~0pefates~upenwLREefnalaﬁepresentae&ons«of~obﬂectstfﬁsymbo&s"

(Sternberg, 1980, p. 6). On the basis of function, components are classified
into five different categories: meta—components, pe:férmance components,

_ acquiéition_comppnents, rétention.compohents, and transfer components.
Meta-components "are higher order control processes that are used for
executive planning and decision making in problem-solving” (p. 7), while
performance components represent processes actually used in task performance.

Sternberg also classifies components according to level of generaiity into
three categories: genera1<componehts,’class components and specific
components. General components are processes used in all tasks within a given
universe; class components are processes used within a sub~set of tasks; and
specific components are used in the accomplishment of single tasks:

This classification of components is utilized in an assumed hierarchical
organization of tasks. For each task in a hierar¢hy the same general
components are used, and for each task differen specific components are
used. The level 1n'£he hierarchy at which a task is placed is determined by
the class components: tasks at the lowest leve each require. one set of class.
components, while tasks at higher levels reqqire all the class components of

" tasks at lower levels within the same branc@/of the hierarchy.

; - : /

Sternberg confronted several models of the/ofganization of human abilities
with this componential conception of task'performance. With respect to

‘Spearman”s  Two Factor theory it was argﬁed that the g factor comprises a
set of general components that 1s common to a wide variety of tasks, while
the s—factors correspond to specifiq,components. It was, furthermore, argued
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that the meta—components have a much higher proportion of general components -
among them, since for almost every task executive routines for planning and
monitoring performance must be invoked. It was, thus, concluded that

"individual differences in meta-componential functioning will be primarily
‘responsible for the appearance of individual differences of a general nature"
(p.10). : . \

The Thurstone'PMA’s were by Sternberg interpreted to reflect individual

differences in class components, while the correlation among the primary .

factors is accounted for by general components. As an example, Sternberg

mentioned the I-factor, which was argued to involve a relatively small set of N
" class components (i.e. inférence, mapping, application, and justification).

-

The concepts of fluid and crystallized Intelligence were also discussed.

Tests of ‘Gc were interpreted to reflect "the products of acquisition, - a
retention and transfer components-*whereas fluid ability tests seem to
involve the execution of performance components".

..-.-Sternberg-concluded - thatw".factor theories-of intelligence -ate all -right- — - - o o oo
almost. What this means 1is.that almost all factor theories of intelligence ’
are right in the sense of being special cases of a more general psychometric .
theory, but that they are not quite all right when considered in isolation. = wuﬁ
They need to be complemented by componential theories ... " (p. 12). o

While there is no need to challenge the conclusion that componential theories

are complementary to factorial models, it would not seem that the theory

outlined by Sternberg is able to function as a super~theory, within which the -
different models of the structure of abilities are contained as special

cases. This may be seen if the specific interpretations proposed by Sternberg

are scrutinized.

!

Sternberg argues that the g_factor in Spearman”s Two Factor theory 7
represents individual differences 1in meta&components‘ that the Thurstonian

- I~factor represents individual differenceJ in a set of performance

components; and that Gf reflects individual differences in the execution of
performance -components generally. It has been shown, however, that 8 is ,
- 1dentical-with Gf, and the empirical evidence also indicates that I 1is -
.virtually identical with these higher-order factors. Sternberg thus proposes

three different explanations. for the same individual difference variance.

Even though these explanation are not mutually exclusive, this indicates that

the componential theory is much too loose to function as a general

psychometric theory.

Even more important is the fact that while the factorial models identify .and
‘structure systematic sources of individual differences at different levels of
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‘“g&héiéiii;}“iﬁéwéaa§EEEHE151“chéofy models performance on intellectual tasks.
_ This very fundamental difference between the factorial and c0nponentia1 :

approaches 1is seen 1f the content of the hierarchies of the two models is
scrutingied. In the componential. theory the hierarchy is a hierarchy of
tasks,fw ile in the factorial approach it is a hierarchy of sources of
individual difference variance. This difference in focus of attention makes
the factorial and componential approaches complementary, but it aiso implies
that the componential approach cannot provide a theory under which the
factor~analytic models may be subsumed. » '

- Before leaving comparisons with other models, it is interesting to consider

the reasons why it has for so long been possible for several models to
coexist, which, at the surface at least, provide so different accounts of the
structure of human abilities. o .

\ i . - A
Sternberg (1981a) attributed this to the fact that exploratory factor
analysis 1is succesful in supporting "almost any model. At a more ‘concrete

» level, however, this may be explained by differences among the exploratory
techniques, and. particularly in the way they deal with variance from general

factors. It is well known that while some techniques readily produce a strong
general factor, others ‘cannot even be forced to indicate the presence of a
general factor.

w
PRER

It may easily beidemonstrated‘(e.g. Gustafsson et al., 1981; Humphreys, 1979)
that when Multiple Factor analysis- 1s used with orthogonal rotation, the
general factor is “rotated away"”, by ‘being represented as small positive
loadings in all factors. However, in interpretations of factor analytic
findings, loadings'lowem than .30 are rarely attended to, and often not even
presented. It Day thus be claimed that orthogonal rotations to simple
structure are'quite deceptive in the presence of a general factor.

If an obliqoe rotation is carried out, the general factor 1s represented as
the correlation among the factors. There are two’problems inherent in oblique
rotations, however. One is that there are .almost always small positive
loadings scattered in the matrix, which cause the true correlation among -

_ factors to be underestimated. The other problem is that most oblique

rotational methods allow the researcher to determine the degree of

obliqueness of the solution: In the Promax method (Hendrickson & White, 1964)

this is governed by the parameter k; i{n the indirect oblimin method (e.g.
Harman, 1967, pp. 325-326) obliqueness is governed by the parameter gamma,
and so on. Oblique rotational methods can, therefore, not provide objective"
empirical information on the amount of actual correlation between factors,
and thereby not information.on the importance of higher~order factors. In.
confirmatory factor analysis, however, all these problems are avoided.

I3
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3.3.3 The nature of the HILI-model f}ﬁ

1

“

The"H!ai—model has been presented as a geheral model of the - structure of
human abilities, of which most other models may be viewed as special cases.
This should not be interpreted to mean, however, that the model has reached
its final form. On the contrary, it should be viewed as an open—ended model
to be elaborated upon. < -

- - #

It may, in fact, be more correct to talk abeut a class of HILI-models, than
about the HILI-model,/Models belonging to this class share the features
that they are hIerarchical, dre based upon LISREL, and include a set of

 "basic" factors, such as g, Gc and Gv. The number of levels in the

hierarchy may differ from modellto model, - however, as may the domains of
tasks which are sampled. Thus, when a certain atea is represented by few
tests there wilIunecessarily be few levels in that branch.of the hierarchy,
as was the case for Gc in the reanalysis of the Undheim (1978) study. When an
area is investigated’ in great detail, as Fredriksen (e.g. 1980) has done with
reading, for example, it may be possible to add levels both below and above
what 1is taken to be the primary level in the HILI-model as presented in
Figure 4.
The fact that the HILI-model 1is formulated within the framework of LISREL not
only brings the advantages of confirmatory maximum likelihood factor
analysis. LISREL is a general data—analytic system which allows formulation
of structural equation models in which latent variables are related to one
another. This. 1mp11es that it is possible to formulate models in which the
factors at the different levels of the HILI-model are used as independent
and/or dependent variables. Such models have several advantages in comparison
with for example ordinary multiple regression analysis: they are
parsimonious; problems associated 'with errors of measurement are avoided; and
there is hope that factors may remain invariant from’ one model to another.

3

4 IMPLICATIONS OF THE MODEL"

‘As 1s evident from the fact that the HILI—model is a synthesis of previously
. existing models, not much in it is new. In spite of this, however, 1t does
carry implications both for how the structure of abilities 1s looked at, and
for testing practices. In this section some of these.implications are , v
outlined. C
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4.1 Implications for testing : : ‘

The technology of mental measurement has, for good and for bad, had major
practical impact, and ever since the Binet and Simon instrument was »
introduced tests have been used for purposes of diagnosis, selection and
classification." '

It may be noted, though, that the technology of teeting has remained
relatively ‘unaffected by the developments of factor—analytically based models

- of ability. Thus, in spite of thexfact that none of the "modern” models
includes a general faqtor, tests of general mental abilitf are frequently
used in assessments. These tests are heterogeneous tests in the

Binet-Simon-Terman tradition, and they are quite similar to the early tests:
. ' ' ) : \

N - Ability tests have remain about the same’ since 1920 ... The
practical tests of today differ from the tests of 1920 as
todays's'automobiles differ from those of the same period:
more efficient?and more elegant, but operating on the same
principles as before (Cronbach, 1960, p. 159). :

This kind of tests assumes the existence of a factor of general ability.

Considering, however, that there has neither been a theory to account for

performance on the tests, nor a place for general ability in the influential

models of ability. it is quite amazing that this type of tests has been used
at all. The reason for this must sought in the fact that they have been
demonstrated to have practical utility.

The HILI-model does revitalize the Spearman g factor and places it at the

- most prominent place in the hierarchy. From the "principle of indifference of
the indicator” it follows that a sufficiently’loné and heterogenous test is

. virtually perfectly correlated with the g factor. The HILI-model thus
provides a rationale for the established practice of assessing general
ability with heterogenous tests, even th&ugh'thekactual amount of correlation
between such tests and g has yet to be determined. It should also bé\
stressed, of course, that in many cases a test of general mehtpl ability may
not provide the information that 1is sought (see below).

N - . "
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_In another type of frequently used tests the items are organized in. )
subscales. Bxamples cf such tests. are the Wechsler scales and the.British .
Intelligence. Test (Warburton, 1970). However, even though the sibscores are

"available they are often summed to yleld an overall score, or partial ‘sums.

' When an overall score is obtained it provides an assessment of general
ability, in the same way as any heterogenous test does.
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The meaning of partial sums of sub—test scores is of course dependent upon
which particular scales enter the/sud Often, however, a contrast is made
between Verbal and Performance areas. These areas of competence appear to -
come quite close to the higher-order factors Gec and Gv, respectively, even
though the actual amount of similarity must be established empirically for
each test. Assuming, however, that the amount of correspondence is
substantial it would seem that this practice is rationalized by the
HILI-model; the Verbal and Performance scores may be viewed as crude

estimates of the second-order factors.

It thus seems that the HILI-model is compatible with much established testing
practice. The non-hierarchical models based upon Multiple Factor analysis
would, in contrast, seem to carry the implication that such higher-order
constructs as general ability or Performance 1Q should not be assessed at
all. W

The HILI-model goes, however, much beyond the established practice. Most

important is the ‘fact that the hierarchical structure of the model makes it a
general and versatile tool for describing individual differences. Thus, with
" a hierarchical model it is possible to select not only the appropriate areas
of competence for assessment, but also the appropriate level of detail in the

assessments:

Microanalysis is neither more or less correct than gross
analysis; the size of the bundle into which abilities are tied
should be adjusted to the theoretical and practical context.
At times elaboraticn is needed to communicate, an elaborate
thought: At other times, it confuses. (Cronbach &.Snow, 1977,
p. 154). : »

Suppose, to take a few simplistical examples, that the purpose is to predict
school achievement without regard to line of study. In ‘such a case it w0u1d
most l:Eyly suffice to measure_& and Gc. 1f, however, we for guidance

purposes’ want to predict achievement in verbal and technical iines of study,
we would also want to diffetentiate between Gv and Gc. Should we want to make
even finer differential predictions, such as between different contents in a
technical education, we could make measurement distinctions further down in
the hierarchy, i.e. at the primary 1eve1, or at the level of specific tests.

It is obvious that to estimate all factors at all 1evels with sufficient o q'
accuracy, huge test- bacteries would be required This amount of information S
is rarely needed, however, and to estimate just. oné or ‘a few of the ' i“
higher-order factors a rather 1imited battery should suffice. Thus the 4 .
factor should be well represented in a test-battery consisting of one test of
the I-factor, one V-test and one Vz-test. It is a rather trivial task to

v
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determine appropriate .batteries, and coefficients for estimating individual
factor scores, for different applications.

4.2 Implications for teaching

AY

The HILI-model in itself does not carry any implications for how to take into
account individual differences in teaching. Howeber, the question how to
adapt instruction to accomodate individual differences in ability is being .
studied in research on aptitude-treatment 1ntétagtions (ATI, cf Cronbach &
Snow, 1977). The basic premise of this line of research is that no .
educatioﬁalitreatment is optimal for everyone, but that different subgroups
of pupils may profit. from different teaching methods. It may also be shown
(cf Cronbach & Gleser, 1956) that any attempt at differential treatment of-
pupils, such as streéﬁing and different kinds of individualization, is based
on'the assumption of an interaction betyeen aptitude and treatment.

The most basic design of an ATI-study involves one or more(aptitude
variables, two educatignal_treatments ﬁo'which the pupils are randomly
assigned, and one or more outcome variables..It is then determined; most
commonly with multiple regression (MR) analysis, in which treatment subjects
with different levels of performance on the aptitude variables achieved the

best results. -
!

So far ATI-research has not been very succesful in producing a knowlgdge base
for how to adapt instruction to-individual differences (Cronbach, 1975;

"Cronbach & Snow, 1977), even though some tentative generalizations have been
reached (Snow, 1977). While this is not the place to discuss all the problems
intrinsic to ATI-resea;éh (cf Cronbach, 1975; Cronbach & Snow, 1977;
Gustafsson, 1981; Snow; 1977, 1980). 1ic is obvious that éhg confusion
concerning the structure of abilities is to a certain extent responsible for
the lack of success. Thus, researchers have selected and interpreted aptitude
variables within different frames of reference, which in turn has caused
great problems assembling and integrating the findings.

In much ATI-research. primary factors of ability have been the starting point.
Aptitudes and treatment have, however, been matched on a rather superficial
basis, as when 1t 15 hypothesized that verbal types of instruction would
benefit pupils with high verbal ability, and that. spatial—pictorial types of
1nstruction would benefit pupils with high Spatial ability (cf. Gustafsson,
1976) This ‘research has not been productlve of any .strong and generalizable

findings, which may be due to the fact that lower-order rather than ' \‘_v

higher-order factors have been concentrated upon.
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Another reason why ATI—research has tended to produce conflicting and
inconclusive. findings may be that the MR-technique is based upon assumptions
which are rarely fulfilled. Thus, in MR it is assumed that there are no
errors of measurement in the aptitude variables, and that variables

simultaneously entered int6 an analysis do not measure a common underlying
factor. However, almost all ability tests are more or less unreliable, and it
very frequently happens that variables with a high true correlation are
analyzed together. It can easily be demonstrated that such violations of the
assumptions may cause MR to produce misleading results (cf Gustafsson &
Lindstrdm, 1979). | |

The LISREL-technique may, however, provide a solution to these technical
problems. Through basing the analysis on latent, rather than observed
variables, LISREL avoids all the problems associated with MR. What is even
more important, however, is the fact that the HILI-model may be used as a
hierarchical measurement model within LISREL. In-this.way relations may be
determined between factors at different levels in the model and learning
Outcomes, which relations may be tested for equality in different treatments.
Such an approach to the design and analysis of ATI-studies brings several
‘advantages: ' '

-~ The model is encompassing enough to cover a wide range of aptitude
variables, which makes it rather generally useful. This reduces the problem

of "translating” aptitude variables from one frame of reference to another

.when results from different studies are compared and integrated.’

- The fact that the model is hierarchical makes it possible to formulate
extremely parsimonious models for the relations with other variables, by
invoking first the g_factor, and then invoking only as many of the
lower-order‘factors as may be necessary (cf Gustafsson et al., 1981).

- Even in those cases when so few variables-are measured that the model
 cannot. be used in full, the hierarchical approach and mode of thinking may be -
utilized, and often it should be possible to interpret the factors within the
framework of the HILI-model. For example, 1f in a study interest 1s centered

on the.g factor a selection of three or four tests regresenting Gc, Gf
and Gv may yield ohe common factor. This factor should come very close to the
third~order g in the HILI. model. The results in such a study may be

: compared to the results in ' 'another study with da much larger test battery,

: even though 1t will of course not be possible ‘to separate error variance,i
test- Specificity, and the residuals of primary and second-order factors. .

Since the LISREL-technique is rather new and quite complex, its use in
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ATI-research is best presented with an example.

4.2.1 An example of the HILI-model in ATI-research

The study to be presented briefly here is presented in full by Gustafsson
(1982). The purpose of the study was to investigate ATI-effects between
aptitude variables and the treatment dimensions reading/listening and

pictures/no pictures.

K In laboratory studies it has been shown that when subjects listen to messages
they acquire spatial content more efficiently than when they read the
messages, which has been interpreted as an effect of suppression of
.visualization by reading (e.g. Brooks, 1967). This finding raises the
questions whether modality of presentation may be shown to have similar
ef fects also for meaningful material, and whether such suppression effects

are moderated by abilities,'snch as g and Gv.

-

Research on the effects of pictures in instructional materials has ylelded a
rather mixed pattern of results, both when it comes to main effects and
{nteractions with abilities. However, should the hypothesis of suppression of .
| visualization by reading be true, it would seem likely that reading hampers
interpretation and utilization of pictorial information as well.

In the study ‘the two treatment dimensions were crossed to yleld four
treatments: reading an unillustrated text (READVERB), reading an 111ustrated
text (READPICT), listening to a presentation via taperecorder of the text
material (LISTVERB), and listening to a presentation via taperecorder with
illustrations presented as slides (LISTPICT) Each treatment group consisted

of some 100 subjects from the 5th grade.

The material taught dealt with the heart and the flow of blood in the body. o
This subject matter was chosen because it was felt that it would in part be :
of a spatial character and that visualization processes thus would be helpful
in acquiring it. Immediately after the instruction the subjects were given
two post~tests: one verbal and one pictorial. From the items in these
post-tests several different scales were constructed. One of these covered
the 1earn1ng of verbal types of information and is of no particular interest
An this ‘context. Two others dealt with spatial types of information .(i.e. to
and from which parts bf the heart blood flows in:relation to different parts )
j . of the body), one with verbal items (V-SPAT) and the other With pictorial
* v ’ Ltems (P SPAT). These two scales will be concentrated upon 1n the analysis.. - o




Aptitude variabies in the study were four tests: the VOcabulary test
Opposites (Op); the visualization test Metal Folding (MF); the reasoning test
1o Number Series'(NS); and a paired associates (PA) learning test, 1hvolv1ng

\ words and pictures. These tests may be taken to represent the primary factors

vV, Vz, 1 and Ma, respectively.

With such a limited battery it is obviously impossible to separate factors of

_ di[ferent orders. The best that may be achieved with only four observed

" variables is a model uith one latent variable, which with the preseant
heterogeneous collection of tests is most likely to represent the g
factor. However, by entering the observed ‘variables as half-tests, for
example by splitting the tests into odd and even items, one more level may be
added to the mcdel, which level represents the true variance in’ the observed
variables. For simplicity we will designate these latent variables with the
labels of the second-order factors in the HILI—model i.e. Op will be
referred to as Gc, MF as Gv, and NS will be labelled Gf. Such an ‘
equivalencing of test variance with second-order factors is of course from a
strict point of view incorrect. However, these tests load very - strongly in
their respective primary factors, which in turn load very strongly in their
respective second-order factors (cf Gustafsson et al., 1981), so it may be
taken as a fairly good approximation.

The measurement model is shown in Figure 5. .
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It has been constructed as a hierarchical model in which the residuals of the
lower-order factors are taken to be latent variables, so that they are
available for purposes of prediction. Estimating this model from the
covariance matrices for each of the four treatment groups-a good fit was
obtained (chi—square=133 0, df=128). ‘This model may thus be taken as a good
representation of the relations among the tests in the battery, and it may be
concluded that the treatment groups are samples from the same population.




4.2.2 Resultsl.

The model used in the first step of the analysis is shown in Figure 6.

- — - ] D

”<Iﬁsert Figure<6 about here

This model is quite simple, the observed outcome variables being regressed
.onto the g factor of the hierarchical measurement model It may of course

be that this model does not fit well within the treatment groups. Should this
be the case it is most likely due to the fact that the.lower—-order factor
contribute to the prediction of one or both of the outcome variables, and
then these relations should be invoked as well. Before presenting the results
from the ATI-analysis, however, the results from analyseés cf main effects
will be presented. : ' .

~ According to the hypothesis of suppression of visualization by reading we
would expect a higher level of performance in the treatments which do not
involve reading, 1. &. the LISTVERB and LISTPICT:treatments. Performance was
indeed slightly higher in the LISTVERB than in the READVERB treatment, but
this effect failed to reach statistical significance. It was, however, found
that the level of performance was significantly higher in the LISTPICT
treatment than in the other three- freatments. This finding provides some
support for the hypothesis of suppression of picture 1nterpretation by
reading. . : . )

In the analysis of relations between aptitudes and outcomes within treatments
1t was found that in every treatment the regression.on g was significant, -
even though it appeared to vary in strength. It also was found that in some
of the treatments there were significant relationships between Gv° ‘and the
outcomes. Thus, for the analysis of ATI-effects the model included g and

Gv~ as predictors. The estimates of the within-treatment regression
.coefficlents are presented in Table 1. L o

As ‘may ‘be seen from the Table the regression of*the‘outcomes on g was .
steeper in the treatments involving listening than in, the treatments
‘involving reading. The contrast between 1istening/reading treatments was"
statistically significant (chi-square=5 49 and 9.13 with 1 df for V-SPAT and,
.B-SPAT, respectively), but the small observed, differences between the !
LISTVERB and LISTPICT treatments were not significant.

As may also be seen from the Table the regression of V-SPAT on Gv~ was




Insert Table 1 about'here'

fvhnsEeeper~in~the~READVERB and READPICT .-treatments than in the other two. Again
' the contrast between treatments involving reading/mot involving reading was
significant (chi-square=4.17, df=1).

The final finding worth mentioning is that the P-SPAT outcome had a highly
significant regression on Gv” in the READPICT treatment, and no relationship
with Gv” in any of the other treatments. ' ‘

4,2.3 Discussion of the results -

It should first. of all be pointed out that the data analyzed here have also
been analyzed with MR. This analysis did not, however, yleld any
interpretable findings, which is most likely due to the fact that the present
data severely violate the assumptions of MR.

It should jalso be mentioned that the LI?REL-analysis has also been carried
one step ﬁurther by division of the treatment groups according to sex. In
that analysis several higher-order interactions with sex were disclosed, but
it would carry to far to discuss them here (see instead Gustafsson, 1982).

Almost all the ATI-effects found involve the treatment factor reading versus
1istening and the aptitude variables g and Gv”. It was expected that

subjects with a high level on Gv~ would ‘perform especially well in the
treatments involving listening, because in these treatments they would have
the opportunity to use visualization processes. Instead g vwas. found to be
particularly conducive to achievement in these treatments.

This may 'be because - in these tfeatments the proper. sequencing and:
internelating .of processes is important- The incoming verbal information must
"be decoded, and the spatial type of content must be further dealt with in
visualization processes, and while this 1is done new information arrives. This
may thus put high demands on the efficiency of the control and assembly '
procésses hypothesized to be at the core of g.

Quite surprisingly Gv~ was found to be more highly related to outcome in the

v
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reading than in the listening treatments. This finding may, perhaps, be due

to the high-Gv~ pupils being able to carry out visualization even under the

influence of suppression effects from reading.
It was also'foundithat_the P-SPAT outcome regressed more steeply on Gv~ in
the READPICT treatment than in the other treatments. This seems to.be one of
the few findings in suppurt of the hypothesis that high-spatial pupils in

- particular profit from pictorials. The effect was,. however, restricted to'the
pictorial type of outcome measure, which may be due to the fact that Gv~ is
of importance in an illustrated treatment only when acquisition of the
1l1lustrations themselves is beneficial for achievement (cf. Gustafsson,

| ' 1976). ‘

'

5 CONCLUDING REMARKS , ~ ~ ,/

1In the present paper a ‘model of the organization has been presented uhich
model in a certain sense is more general than previous models. Given,

however, that the question of structure has been given an answer, questions
about the meaning and 1nterpretation of the dimensions of ability come into
focus. The HILI-model is, of course, just as unable to ansZer such questions

as any other structural model.

Hoéwever, to get information upon which to base 1nterpretations of the nature
of different dimensions . of intelligence one may study relations between these
and other variables. The ATI study presented above purports to show that the
LISREL-framework is extremely well suited to conduct such studies. The ma jor

o importance of the HILI-model may, therefore, reside.;n the possibilities to
study with precision relations between ability factors of different degrees
of genérality; and other variables related to learning and cognition.

'




‘Table 1. Estimated within-treatment regression coefficients

, Treatment
Regression '

- of on * READVERB READPICT LISTVERB  LISTPICT
V-SPAT 6 16 .15 43 .54
P-SPAT G .20 .25 .55 .70
V-SPAT Gv a2 .13 N N )|
P-SPAT Gv” .02 .18 .00 .03

/
/
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Major group factors vied o " kim

Minor Group factors

: Specific factors . | | I | | | | : | I |

Figure 1. The ‘Vernon model. . -
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Figure 4. An hypothesized hlerarchlcal model for the most
well establlshed prlma'ry factors. . : : .
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